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Abstract
We study the new structures appearing due to noncommutative effects in the inclusive
decay b → sγ∗, in the standard model. We present the corresponding coefficients which
carries the space-space and space-time noncommutativity.
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1 Introduction
It is believed that the nature of the space-time changes at very short distances of the order of
the Planck length. The noncommutativity approach in the space-time is a possible candidate to
describe the physics at the Planck scale. The noncommutative (NC) structure into space-time
can be introduced by taking NC coordinates xˆµ which satisfy the equation [1]
[xˆµ, xˆν ] = i θµν , (1)
where θµν is a real and antisymmetric tensor with the dimensions of length-squared. Here θµν
can be treated as a background field relative to which directions in space-time is distinguished.
The noncommutative field theory is equivalent to the ordinary one except that the usual
product is replaced by the ∗ product
(f ∗ g)(x) = ei θµν ∂
y
µ ∂
z
νf(y) g(z)|y=z=x . (2)
The commutation of the Hermitian operators xˆµ (see eq. (1)) holds with this new product,
namely,
[xˆµ, xˆν ]∗ = i θµν . (3)
The quantum field theory over noncommutative spaces [2] has been reached a great interest in
recent years with the re-motivation due to the string theory arguments [3, 4]. Noncommutative
field theories (NCFTs) are difficult to handle since they have non-local structure and the Lorentz
symmetry is explicitly violated [5, 6]. The violation of the Lorentz symmetry is due to the
constants θµν in eq. (1). Since θµν is antisymmetric, the vectors θi = ǫijkθ
jk and θ0i are
constant three-vectors in preferred directions in a given Lorentz frame.
NCFTs have been studied extensively in the literature. There has been a lot of work done on
the renormalizability of NCFT’s [7]. The unitarity in noncommutative theories and the unitarity
properties of spontaneously broken noncommutative gauge theories have been discussed in
[8] and [9] respectively. Bounding noncommutative QCD due to the Lorentz violation has
been studied in [6] and it was concluded that the collider limits were not competitive with
low energy tests of Lorentz violation for bounding the scale of space-time noncommutativity.
Furthermore, noncommutativity among extra dimensions for QED have been examined in [10].
The noncommutative quantum electrodynamics (NCQED) have been studied in [11] and the
explicit calculation of electric dipole effects and anomalous magnetic moments have been done
in [12]. In the case of non-abelian case, the field theory is formulated on noncommutative spaces
1
as theories on commutative spaces, by expressing the noncommutativity using the ∗ product
as in eq.(2) [13]. The method proposed in [13] has been applied to the full Standard Model
(SM) in [14] and recently a unique model for strong and electroweak interactions with their
unification has been constructed in [15]. In a recent work [16], the SM forbidden Z → γγ and
Z → gg decays in the NCSM has been studied.
In our work, we study the possible structures appearing for the process b → sγ∗ in the
NCSM up to the first order in θ, using the consistent formalism of NCSM [14]. Here the
additional vertices of quarks with the scalar particles (in our case the scalar particle is the
unphysical Higgs boson φ±) is proportional to the parameter θµνp
µqν where p (q) is quark (φ±)
four momentum vector. However, for the vertices of quarks with the vector particles, here W
boson or photon with four momentum q, there exist new factors θαµp
α/q and θαµq
α/p in addition
to θαβp
αqβγµ. The similar behavior appears for φφγ and WWγ vertices. Furthermore there
are quark-quark-φ−γ and quark-quark-W −γ four point interactions which do not exist in the
commutative SM. Therefore new structures appear, in addition to the ones which are based on
the assumption that NC effects enters in to the expressions as an exponential factor e−
i
2
θµνp
µqν ,
which is consistent in approximate phenomenology (see [17] and references therein).
2 The noncommutative effects on the b→ sγ∗ decay
The inclusive b → sγ∗ process appears at least in the loop level (see Fig. 1 and 2). Now, we
present the possible structures appearing for this process in the NCSM up to the first order in
θ:
Q1 = s¯(kµ/k − k
2γµ)Lb ,
Q2 =
e
8π2
mbs¯σµν k
νRb ,
Q3 = mbs¯k˜µRb ,
Q4 = s¯(kµ/˜k − k
2θνµγν)Lb ,
Q5 = s¯(p˜µ/k − p˜.kγµ)Lb ,
Q6 = mbs¯(kµp˜.k − k
2p˜µ)Rb ,
Q7 = mbs¯(θνµγν/k − /˜kγµ)Rb ,
Q8 = mbs¯(kµ/k/˜k − k
2γµ/˜k)Rb ,
Q9 = mbs¯(kµ/k/˜p− k
2γµ/˜p)Rb ,
Q10 = ǫµαβθkβk˜α s¯γθLb ,
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Q11 = ǫµαβθkβp˜αs¯γθLb ,
Q12 = (k
2ǫµαβσ − kµkθǫθαβσ)θβσ s¯γαLb ,
Q13 = mbkθǫµθβσθβσ s¯Rb (4)
where L(R) = 1−γ5
2
(1+γ5
2
), p (k) is the four momentum vector of b quark (photon γ∗) and
q˜µ = θµνq
ν . Here the first two structures exist in the commutative SM (CSM) and the others
are due to the noncommutative effects. Notice that in the structures the s quark mass is
neglected. For the real photon case, namely the b → sγ decay, the structures Q2, Q3, Q5, Q7,
Q10, Q11 and Q13 appear and the decay width for this process in the b-quark rest frame reads
as
Γ = ΓCSM + ΓNew (5)
where
ΓCSM =
G2Fαemm
5
b
32 π4
|
∑
i
A2(xi)|
2 ,
Γnew =
G2Fαemm
3
b
16 π4
(
ǫναβσkνpαθβσRe[
∑
i
A∗2(xi)
∑
i
A7(xi)]− (Im[
∑
i
A2(xi)
∑
i
A∗5(xi)]
+ 2Im[
∑
i
A2(xi)
∑
i
A∗7(xi)] +Re[
∑
i
A∗2(xi)
∑
i
A11(xi)]) p.k˜ , (6)
with i = u, c, t and xi =
m2
i
m2
W
. Here Aj(xi) = Vib V
∗
isC
NC
j (xi) and C
NC
j (xi) are the coefficients
corresponding to the existing structures. The coefficient CNC2 (xi) is the well known Wilson
coefficient C7(xi).
It is obvious that the main contribution to the decay width comes from the CSM since the
new part due to the NCSM is proportional to the extremely small parameter θ. This new part is
responsible for time-space and space-space noncommutativity. With the definitions (θT )i = θ0i
and (θS)i = ǫijkθ
jk, i, j, k = 1, 2, 3, in the b-quark rest frame, ΓNew can be written as
Γnew =
G2Fαemm
3
b
16 π4
(
Re[
∑
i
A∗2(xi)
∑
i
A7(xi)]~k. ~θS − (Im[
∑
i
A2(xi)
∑
i
A∗5(xi)]
+ 2Im[
∑
i
A2(xi)
∑
i
A∗7(xi)] +Re[
∑
i
A∗2(xi)
∑
i
A11(xi)])~k. ~θT . (7)
This expression shows that the space-space noncommutativity is carried by the coefficients
CNC2 (xi) and C
NC
7 (xi). In the case of real coefficients C
NC
5,7,11(xi), C
NC
2 (xi) and C
NC
11 (xi) play
the main role for the time-space noncommutativity, since the imaginary parts of Aj(xi) are
coming from the CKM matrix elements, which are extremely small.
3
In conclusion, the NC part of the decay width of the process under consideration is not easy
to detect using present and even future sensibly arranged experiments. However, it brings a
new source for the CP violating effects in addition to the complex CKM matrix elements in
the SM, Vub in our case. With the consistent calculations of the coefficents of this process and
the precise experimental results of CP violating asymmetry, it would be possible to test the
noncommutative effects and to predict the noncommutative direction ~θS , if the the matrix θµν
has constant components across the distances that are large compared with the NC scale.
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Figure 1: Self energy diagrams contribute to b → sγ∗ in the NCSM. Wavy lines represent the
elecromagnetic field and dashed lines the W± and φ± fields.
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Figure 2: Vertex diagrams contribute to b → sγ∗ in the NCSM. Wavy lines represent the
electromagnetic field and dashed lines the W± and φ± fields.
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